We present recent CDF results on B lifetimes, B meson mass measurements, ratios of branching ratios, and rare decays. In addition, we present the first measurement of time-dependent B d mixing at CDF. Several results have been updated and a few new ones included since the workshop.
Introduction
During the 1992-95 Tevatron collider Run I, the Collider Detector at Fermilab (CDF) 1 has so far collected a data sample of pp collisions at √ s = 1.8 TeV with an integrated luminosity of > 95 pb −1 . This was split into two separate data-taking runs: Run 1a (∼ 20 pb −1 ) and the present Run 1b (> 75 pb −1 ). Data-taking is planned to continue through 1995 and a total sample of at least 120 pb −1 is expected. This data sample, in combination with improvements to the data acquisition system, the muon coverage, and most importantly, the installation of the CDF SVX silicon vertex detector, 2 has allowed many new results on B decays. In this paper we report results on B lifetimes, ratios of branching ratios, rare decays, and B meson mass measurements. In addition, we present the first CDF measurement of time-dependent B d mixing.
B + and B 0 Meson Lifetimes
Increasingly precise measurements of the B + and B 0 lifetimes are important for testing the predicted B hadron lifetime hierarchy and to measure the relative contributions from non-spectator decays. Only small lifetime differences are expected between the B + and B 0 mesons (∼ 5% 3 ) and experiments are now approaching this precision. At CDF, the measurement of the charged and neutral B meson lifetimes has been performed using fully reconstructed B decays in the following modes 4 : 6 The invariant mass distributions of the J/ψ and ψ(2S) are shown in Figure 1 . The K + , K 0 S , and K * (892) candidates must have p T > 1.25 GeV/c in order to be combined with a J/ψ or ψ(2S) to reconstruct a B meson. Individual cuts of p T (K) > 1.0 and p T (π) > 0.5 GeV/c are also required for K * (892) 0 candidates. In the final B reconstruction, all the decay tracks, except those from a K 0 S , are vertex constrained, and the J/ψ and ψ(2S) candidates are mass constrained to their world average values. Any B mesons with p T < 6.0 GeV/c are rejected. In the case of multiple candidates per event, only the one with the best χ 2 from the constrained fit is kept.
The upper plots in Figure 2 show the invariant mass distributions of all B + and B 0 candidates. Background in these distributions comes from combinations of J/ψ's with tracks produced during the b-quark fragmentation or with other remnants of the pp collision. These tracks should reconstruct to the primary vertex and consequently the background is smallest for events where the decay distance is large. This is demonstrated in the lower plots of Figure 2 where a cτ > 100 µm cut is made to illustrate this point. The contributions from the different decay modes is given by the shading and, as expected, the B + → J/ψK + decay is dominant for charged B's and the B 0 → J/ψK * (892) 0 channel has the largest rate for neutral B's. For the lifetime analysis, we define the signal region to be within ±30 MeV/c 2 of the world average B mass. 6 Sideband regions are defined to be between 60 and 120 MeV/c 2 away from the world average. This selection excludes the mass region where B's with a missing π would be typically reconstructed.
The B + and B 0 proper decay length distributions, for both the signal and sideband regions, are shown in Figure 3 . The superimposed curves are the results of sepa- Residual misalignment, trigger bias, and beam stability give the dominant contributions to the systematic uncertainty. However, these are common to the B + and B 0 lifetime measurements and cancel in the lifetime ratio. The other systematic contributions are significantly reduced compared to the previous Run 1a analysis due to the increased stability of the cτ distributions from the larger statistics. Table 1 gives the sources of systematic uncertainty.
In the combined Run 1a + 1b data sample (67.7 pb −1 ), the preliminary measurements of τ + , τ 0 , and τ + /τ 0 using exclusive B → J/ψK decays are:
We see that the uncertainty on the B + (B 0 ) lifetime is only 6.4% (7.6%) and the precision on the lifetime ratio is dominated by statistics and is less than 10%.
We now turn to a measurement of the charged and neutral B meson lifetimes using semileptonic decays, as has been previously done by several LEP experiments. analysis: We can separate out the relatively small correlations between the exclusive and semileptonic mode lifetime measurements due to residual misalignment and beam stability and compute CDF average values for τ + , τ 0 , and τ + /τ 0 . We find: 
These can be compared to the latest LEP B lifetime averages These results are in good agreement and the precision on the CDF lifetime averages is now nearly identical to the latest LEP values.
B s Meson Lifetime
A similar technique has been used to measure the B s meson lifetime using semilep-
10 Precision measurement of the B s meson lifetime is particularly important since it has been suggested by recent theory calculations that the lifetime between the two CP eigenstates produced by the mixing of the B s and B s may be different by as much as 20%.
11 Such an effect should manifest itself as a difference in lifetimes between the B s semileptonic decay, which is an equal mixture of the two CP states, and the decay B s → J/ψφ, which is expected to be dominated by the CP even state. Figure 7a shows the K + K − π + invariant mass spectrum after all cuts for the combined electron and muon samples. Some 76 ± 8 events are found in the right-sign mass peak and a hint of the Cabbibo suppressed D + → φπ Finally, there is a new low-statistics measurement of the B s lifetime using fully recon-
10 At least two of the four daughter tracks are required to be reconstructed in the SVX. Based on a sample of 10 events, the B s lifetime using exclusive B s → J/ψφ is measured to be:
Both of these measurements will greatly benefit from the addition of the Run 1b data and a first measurement of the B s,long − B s,short lifetime difference should be possible.
B Meson Mass Measurements
The CDF B + , B 0 , and B s mass measurements in the Run 1a data were reported previously. 12 The work continues to evaluate the tracking systematics in the current Run 1b data. Sizeable samples of fully reconstructed
S , and B s → J/ψφ decays will be available for precision B mass measurements in the combined Run 1a + 1b data sample. Figures 8a, 8b , and 9a give the reconstructed mass peaks currently under analysis after standard selection cuts.
Ratio of Branching Ratios
Using its large sample of J/ψ → µ + µ − decays, CDF has measured the ratio of branching ratios for many exclusive B decay modes involving a J/ψ in the final state. Table 2 Table 2 . The additional Run 1b data will significantly improve the precision of the ratio of branching ratio results.
Rare Decays
Rare B decays provide a way to test the standard model against possible effects due an anomalous magnetic moment of the W ± , a charged Higgs, etc. Such effects can contribute to the rate of B → µ + µ − K ( * ) decays. A nice way to measure the rate of B → µ + µ − K ( * ) decays is to reference it to the observed B → J/ψK ( * ) signals and use theoretical input to give the expected relative rates and to extrapolate from a limited µ + µ − mass region to the entire allowed region. 14 CDF has done this in the Run 1a data and obtained the following results (at 90% confidence level):
These results are competitive with the similar limits from UA1 and CLEO. 
These results are currently the best limits for these decay modes. 
Time-dependent B d Mixing
The dimuon sample is also used to make the first time-dependent mixing measurement at CDF. Figure 10a illustrates the technique. A vertex-finding algorithm is used to reconstruct a charm vertex in the dimuon sample. The combination of a wellmeasured charm vertex and one muon can be used to reconstruct the decay length of the parent B hadron, where the charge of the muon gives the flavor of the B hadron at decay. The charge of a second muon from another B hadron indirectly gives the flavor is shown. In the second case, x d is set to zero again and the contribution from maximal B s mixing is included. The third case gives the final fit results. The CDF preliminary measurement is x d = 0.64 ± 0.18(stat) ± 0.21(syst). The modeling of the contribution from sequential b decays is the dominant systematic uncertainty and this is expected to be better understood with additional analysis. This measurement has comparable precision to previous results from LEP using a similar technique. Additional measurements of time-dependent mixing can be expected in the future using other data samples.
Conclusions
The latest preliminary CDF results on B decays have been presented. The addition of the Run 1b data will continue to improve all the CDF B physics results and allow new measurements so far not possible or expected. This is already seen in the B lifetime results, the observation of the Cabibbo-suppressed B + → J/ψπ + decay, and in time-dependent mixing measurements. Results on b-baryons, b-tagging, B s mixing, and other exclusive B decay modes will be coming soon to a conference and journal near you... 
